Inadequate protection of water sources, and poor household hygienic and handling practices have exacerbated fecal water contamination in Kenya. This study evaluated the rate and correlates of thermotolerant coliform (TTC) household water contamination in Kericho District, Western Kenya.
INTRODUCTION
The importance of water to human health is encapsulated in the Human Right to Water and Sanitation, which entitles everyone to 'sufficient, safe, physically accessible and affordable water for personal and domestic uses' (Committee on considered 'very low risk'; 1-10, 'low risk'; 10-100, 'medium risk'; >100, 'high risk' or 'very high risk' (WHO ).
Studies have given varied total and fecal (E. coli) coliform contamination of water samples in different settings.
Over a quarter of samples from improved water sources in China, the United Kingdom, France, Portugal and in selected low and middle income countries were shown to contain fecal contamination (Bain et al. ) . About 95% of water sources (dams, rivers, springs, and wells) Water source, storage practices, locality, poverty, hygiene, sanitary and environmental factors have been cited as sources for fecal water contamination (Gundry et al. ) .
Currently, data are skewed on the quality of drinking water in Kericho District, Western Kenya. This district is faced with high population density and a growth rate of 3.6%, while the majority of urban and rural populations lack clean and safe piped water supply (Kenya Census ).
METHODS

Study design and setting
Kimani-Murage & Ngindu () showed that 13% of the households in Kenya had their drinking water contaminated with thermotolerant E. coli. Applying the formula for estimating the population proportion with specified relative precision described by Lemeshow et al. () , setting the α at 0.05, and a detection rate of 20%, a total of 103 households were recruited to achieve 0.90 power. A two-stage sampling method was then used to select these households.
First, a complete list of all the households in the 17 locations/villages in Kericho District was generated based on the Kenya Census of 2010. A total of 12 locations were then selected based on probability proportionate to size.
Second, a systematic sampling method was then used to select every fifth household in each pre-selected location.
The number of households per location varied based on their total household size.
Participants
Consent was gained from the heads of these households, who were interviewed using a structured questionnaire to gather information relating to the quality of drinking water. Further, two different water samples were collected from these households: one from source (tap, rivers, or wells) and the second from household drinking water storage vessels. This study was done between 2013 and 2014 and was approved by the Ethical Review Committee of Kenya Medical Research Institute (SSC No. 2579 on 18 July, 2013 . This research has adhered to the STROBE guidelines for observational studies as outlined at: http://www.strobe-statement.org.
Interviews
Structured questionnaires adopted from the WHO/UNICEF Joint Monitoring Programme (http://www.wssinfo.org/ fileadmin/user_upload/resources/1268174016-JMP_Core_ Questions.pdf) were used to gather information related to water-extraction patterns, type of water transport, watertreatment methods, hygiene and sanitation related issues.
Water sample collection
Water samples were collected aseptically using sterile sampling containers. About 100 mL of the water sample was collected and immediately analyzed for bacteriological qualities and physical chemical properties (pH, temperature, turbidity, and free chlorine) on site using a DelAgua water testing kit. The cultured plates were then transported to the Micro Hub Kericho Walter Reed Project (WRP) of Kenya Medical Research Institute for further bacteriological analysis. Water source sampling (rivers, streams, or other surface waters in the district where enrolled households collect their waters) involved drawing water from 30 cm below the surface. Sampling from wells and boreholes involved drawing water using a bucket and taking 100 mL into a sterile container. This was considered to be more representative of what is actually being consumed by the household.
Sampling water from taps was done directly into collecting containers (WHO ). Household water sampling was done by requesting the household head to draw water from their storage reservoir.
Total coliforms and TTC isolation
Water samples were filtered through a 0.45 μm pore size membrane filter, which was then incubated on lauryl sulphate agar for 18-24 hours at 35 ± 0.5 W C or 37 ± 0.5 W C for total coliforms and 18-24 hours at 44 ± 0.25 W C or 44.5 ± 0.25 W C for TTCs. To confirm TTCs and E. coli, membranes were then incubated at 35, 37 or 44 W C, and each colony (or a representative number of colonies) was sub-cultured into a tube of lactose peptone water and a tube of tryptone water. Tubes were incubated at 44 W C for 24 hr. Growth with the production of gas in the lactose peptone water con- Figure 1 shows the isolation and identification of TTCs using culture and API strips.
E. coli pathotype identification
The E. coli pathotypes were determined using multiplex polymerase chain reaction (PCR) as described by Gomez-Duarte ( 
).
Antimicrobial susceptibility testing
Antimicrobial susceptibility patterns of E. coli pathotypes were undertaken using the disk diffusion technique of Kirby-Bauer.
The susceptibility was checked against the following antibiotics: ampicillin, nalidixic acid, chloramphenicol, tetracycline, cefotaxime, cotrimoxazole, ceftazidime, and ciprofloxacin. The zones' inhibition was interpreted using standards for antimicrobial susceptibility testing (CLSI ).
Data analysis
Frequency (%), mean, standard deviation, and medium (interquartile ranges at 25% and 27%) were used to describe the qualitative and laboratory parameters. Chi-square or were aware of waterborne diseases while only 30% had suffered from diarrhea, vomiting, and fever in the past 3 months.
RESULTS
Characteristics of study population
Total and TTCs 48.5%) of the water sources were contaminated (had total coliforms above >10 cfu/100 mL) (P ¼ 0.768).
The mean household drinking water total coliform count was 529.1 (SD 857.5 cfu/100 mL) with a range of 5,462 (98-5,560 cfu/100 mL). The majority (85; 83.5%) of household drinking waters were contaminated, with total coliforms above >10 cfu/100 mL (P < 0.001).
The mean TTC count in the water sources was 798.6 (SD 1,302.6 cfu/100 mL) and a range of 3,539 (1-3,540 cfu/ 100 mL). Only 23 of the 103 (22.3%) water sources were contaminated with TTC (>10 cfu/100 mL) (P < 0.001).
The mean TTC count in households' drinking water was 321.2 (SD 761.5 cfu/100 mL) with a range of 3,799 (1-3,800 cfu/100 mL). Slightly below half (48) were more likely to be contaminated with TTC compared to households which had no hand contact during water withdrawal (OR 1.11, 95% CI 1.11-3.39). Households that washed their water storage containers regularly were less likely to be drinking water were less likely to have TTC contamination than those households that did not wash hands (OR 0.33, 95% CI 0.15-0.67). Households whose total coliform count was less than 10 cfu/100 mL were less likely to have TTC drinking water contamination than those households with more than 10 cfu/100 mL (OR 0.45, 95% CI 0.26-0.81). Further, households whose main water source temperatures were between 15 and 20 W C were less likely to have TTC drinking water contamination than those households with water source temperatures greater than 25.1 W C (OR 0.39, 95% CI 0.16-0.96).
Lastly, households whose main water source had a free chlorine concentration of less than 1 mg/L were less likely to have their drinking water contaminated with TTC compared to households with a water source free chlorine concentration of above 1 mg/L (OR 0.41, 95% CI 0.24-0.71).
The following variables, which have been linked with drinking water contamination, were included in the multivariate model: socio-demographic characteristics (e.g., household locality, household headship, gender, age, educational level, and occupation), attitude and knowledge, water handling (e. g., water collection, treatment, storage, and handling practices) and sanitation (e.g., waste disposal and pollution alongside water source). None was found to be independently associated with TTC contamination of household drinking water. 
DISCUSSION
CONCLUSIONS
Other water quality surveys have shown natural ecosystems (geological, topographical, hydrological in the drainage basin), seasonal differences, weather conditions, water levels as well as other human hygiene and practices affect the quality of water. The cross-sectional nature of this study, relatively small sample size, inadequate assessment using the full WHO/JMP standardized questionnaires for household water handling and sanitation, could partly explain the observed lack of association between household drinking water TTC contaminations in our multivariate analyses.
Given these limitations, a reasonable conclusion that can be drawn from these data is that a significant number of household drinking waters in Kericho District are unsafe in line with WHO guidelines, and some are contaminated with pathogenic multidrug-resistant E. coli. Water source and household hygiene and practices contribute significantly to the quality of drinking water.
